Open source software (OSS) development communities are typically very specialised, on the one hand, and experience high turnover, on the other. Combination of specialization and turnover can cause parts of the system implemented in a certain programming language to become unmaintainable, if knowledge of that language has disappeared together with the retiring developers.
Introduction
Open source software (OSS) development is typically characterised as a decentralised, self-directed, highly interactive, and knowledge-intensive process [14] . In OSS, programmers with different skill sets and skill levels, supporters, and users organise themselves in virtual (online) communities, and voluntarily contribute to a collaborative software project [22] .
OSS communities are typically very specialised [26, 29, 37] : contributors focus on few activity types and are very territorial, touching only few parts of the system. OSS communities also co-evolve together with the associated OSS systems [22] : faced with turnover [28], these communities are sustained and reproduced over time through the progressive integration of new members [6] . However, with the abandonment of existing developers, OSS communities lose human resources with knowledge of the system or of some of its components, or, stated differently, with mastery of certain programming languages. Ensuring the heterogeneity of an OSS community in terms of the skills of its members is The author is supported by the Dutch Science Foundation through the project "Multi-Language Systems: Analysis and Visualization of Evolution-Analysis" (612.001.020).
important for a project's survival and performance [9] . To further put this issue into context, software systems are increasingly developed using multiple programming languages, as illustrated by the growing proportion of multi-language software developed in the United States from 1998 (30%) [16] to 2008 (50%) [17] . In addition, as languages become obsolete and development teams are faced with the problem of maintaining legacy code, or migrating it in order to survive, finding developers with knowledge of obsolescent technologies becomes more challenging. As the case may be, OSS communities are exposed to the risk of not finding suitable contributors with knowledge of certain programming languages.
Although new to software maintenance research, quantifying the risks associated with knowledge of programming languages in OSS communities around multi-language systems is related to the well-known concept of linguistic diversity from the study of natural languages [11] . Drawing inspiration from measures of linguistic diversity (Section 2), in this paper we attempt to quantify the aforementioned risk, associated with a given programming language in an OSS community (Section 3). Our model assumes that contributors are polyglot, i.e., they can "speak" more than one programming language. Moreover, analogously to dialects of a natural language being regarded as similar (mutually intelligible), our model also considers certain programming languages to be related. To quantify the strength of this relation, we mine patterns of shared knowledge of programming languages from developers participating in StackOverflow, a popular Q&A website (Section 4). Such relations need not be symmetrical: just like "Swedish is more easily understandable for a Dane, than Danish for a Swede" [20], our StackOverflow-based measure considers, e.g., that a C++ developer would be able to take over code written in C with less difficulty than the other way around.
By design, we can distinguish between two types of programming languages: those causing high risk within an OSS community (due to limited spread and low "similarity" with other more popular languages), and those causing low risk (either due to their popularity, or to their closeness to other more popular languages known to members of the community). Finally, to illustrate our risk measure, we track its evolution throughout the evolution of Emacs (Section 5).
